acrylamide gels (75 :1 acrylamide:bisacrylamide) in 50 mM tris (pH 8.0) and 400 mM glycine buffer at 250 V for 1 hour. The proteins were expressed and purified as described (13). The protein concentrations were determined by absorbance at 280 nm with the use of extinction coefficients of 11,200 M -1 cm-1 for Spl and 2840 M-' cm-1 for ZF-QOR. For each protein-nucleic acid pair, a pilot experiment was performed to estimate the dissociation constant. Then, five different concentrations of the protein, centered around the dissociation constant, were used to determine binding affinity. Four independent gel shift experiments were carried out for each protein-nucleic acid pair. The binding affinities determined from the independent experiments were found to be within 20% of one another. The radioactive signal was quantitated with Phosphorimager (Molecular Dynamics) analysis, and the data were fit with the use of the program KaleidaGraph (Synergy Software, Reading, PA). 12.
16. Y. Shi and J. M. Berg, unpublished data. 17 . A single-stranded DNA, 5'-CTCATGTCACTGGGG-MGMGMGMTCGATCTGATC-3', was labeled at its 5' end with [32P]ATP, hybridized to its complementary RNA strand, and purified from 10% native acrylamide gel as described (10) . The methylation interference assay was carried out as described [(22) , pp. 12.3.1-12.3.4]. 18 . A single-stranded RNA, 5'-GAUCAGAUCGAUUCU-UCUUCUUCCCCAGUGACAUGAG-3', was labeled at its 5' end with [32P]ATP, hybridized to its complementary DNA strand, and purified as described (10) . The RNase H protection assay was performed at 250C for 2 min in a 100-pl reaction buffer containing 40 mM tris (pH 7.5), 100 mM KCI, 4 mM MgCI2, 1 mM dithiothreitol, 4% glycerol, RSA (30 ,ug/mi), and poly(dl-dC) (2 ptg/ml). (2) in the presence of rabbit polyclonal antibodies to human haptoglobin that cross-react with the haptoglobin-related protein (Fig. 2A) . These antibodies inhibited TLF-mediated lysis in a concentration-dependent fashion; this observation implies that the haptoglobin-related protein is part of the lytic molecule. In contrast, nonspecific rabbit polyclonal antibodies had no effect (10) .
To determine whether the haptoglobinrelated protein retained the ability to bind hemoglobin, we assayed for hemoglobin in purified TLF by means of size exclusion chromatography. Total protein absorbance at 280 nm (A280), heme protein absorbance at 407 nm (A407), and TLF lysis activity all coeluted with an apparent molecular mass of 500 kD (Fig. 2B) . Hemoglobin was also detected in TLF fractions by immunoblot anal- Haptoglobin has peroxidase activity when associated with hemoglobin (1 1). The possibility that TLF also has peroxidase activity was intriguing because the bloodstream forms of the African trypanosomes do not express catalase (12) ; this results in high intracellular concentrations of hydrogen peroxide (H202). These high concentrations of H202 make the cells extremely susceptible to oxidative damage (13, 14) . Using the procedure of Connell and Smithies (1 1 Anti-haptoglobin (gig) detected peroxidase activity in TLF, but not in the nonlytic fraction of human HDLs (Fig. 3A) . Peroxidase activity in a sample was proportional to lytic activity (10). We next investigated the possible role of peroxidase activity in TLF-mediated lysis. Trypanosoma brucei brucei was incubated in the presence of TLF with increasing concentrations of catalase. Because H202 freely diffuses through the cell membrane, catalase in the incubation medium should reduce both extracellular and intracellular H202 concentrations and thus protect the trypanosomes from peroxidase damage. We found that high concentrations of catalase completely inhibited TLF lysis (Fig. 3B) , whereas catalase inactivated with 3-aminotriazole and H202 had no protective effect. Treatment with 3-aminotriazole alone had no effect on either TLF-mediated lysis or trypanosome viability (10) . These results demonstrate that H202 is necessary for TLF-mediated lysis, and they suggest that TLF kills the trypanosome by oxidative damage.
We have established the role of the haptoglobin-related protein in the lysis of T. b. brucei. The identification of the haptoglobin-related protein in TLF is interesting in itself because it is direct evidence that these proteins are expressed (8, 15) . It is also interesting that the haptoglobin-related protein and paraoxonase both contain an uncleaved hydrophobic leader sequence. This finding may represent an important signal in the assembly of proteins into the TLF complex.
TLF and haptoglobin display similar Rabbit polyclonal antibodies to human haptoglobin (Sigma) were used. The immunoglobulin G fraction of antiserum was isolated and the specificity was established by a single arc of precipitation versus normal human serum and purified human haptoglobin. The lytic assay contained 200 1ll of phosphate-buffered saline, 17 units of TLF (2.2 pg), and 100 p.I of T. b. brucei (3 x 1 07 cells per milliliter) in F1 2 media (Gibco) supplemented with 15% fetal bovine serum. The mixture was incubated for 2 hours at 370C with various amounts of antibodies to haptoglobin. A unit of activity is defined as the amount of TLF necessary to cause 50% lysis in a standard lysis assay. (B) Cofractionation of proteins, heme-containing proteins, TLF activity, and peroxidase activity. Purified TLF in phosphate-buffered saline was run over a TSK G3000 SW size exclusion column, and absorbance was measured at A280 (proteins; 0) and A407 (heme-containing proteins; *). The silica-based TSK G3000 SW column has a particle size of 10 pm and separates proteins 10 to 500 kD in size. TLF activity (A) from each of the protein-containing fractions was determined as described (2 (16) . The haptoglobin-hemoglobin complex is targeted to the lysosomes of liver cells (17, 18) and has maximal peroxidase activity at pH 4 or lower (11) . The involvement of the haptoglobin-related protein in TLF-mediated lysis is consistent with the observation that only some apes and Old World monkeys have lytic activity in their serum (19 occurred in apes and Old World monkeys early in primate evolution, resulting in the haptoglobin gene, the haptoglobin-related gene, and the primate haptoglobin gene (20) . In humans, a subsequent homologous unequal crossover took place, leaving the original haptoglobin gene and producing the human haptoglobin-related gene, a hybrid of the haptoglobin-related gene and the primate haptoglobin gene. In nonhuman primates, the sequence of the haptoglobin-related protein is known only for chimpanzees, where a frameshift leads to premature termination of translation (20) . The absence of intact haptoglobin-related protein in chimpanzees is consistent with their lack of TLF activity and may explain why the primate most related to humans does not have this protective mechanism (19) . We hypothesize that the haptoglobinrelated protein in TLF binds hemoglobin and is endocytosed by the trypanosome, where it is targeted to the lysosome. The low pH of the lysosome stimulates peroxidase activity of the complex, which then reacts with H202 to cause lipid peroxidation of the lysosomal membrane. The disrupted lysosome then releases its enzymes, and the trypanosome is autodigested.
